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Description 0 

Ga = Ga'(sinx/x)^ (3) 

BACKGROUND OF THE INVENTION 

Field of the Invention: 5 Ba = Ga'(sin 2x - 2x)/2x 2 (4) 



The present invention relates to a surface acoustic 
wave filter, and a composite surface acoustic wave filter 
composed of a surface acoustic wave filter and a one- 
port surface acoustic wave resonator, and more partic- 
ularly to a surface acoustic wave filter having a low in- 
sertion loss in the RF band, which is suitable for use in 
a mobile communication system or the like, a composite 
surface acoustic wave filter, and a mobile communica- 
tion system which employs these filters. 



Ga' =4kco 2 0 C s N 2 /7i (5) 

10 

x = N7i(co - co 0 )/a> 0 ( 6 ) 



C T =NC S (7) 



Description of the Related Art: C s =£ 0 e r W (8) 

(Interdigitated interdigital surface acoustic wave filter 

with normal transducers) 20 & _ 2jc f 



FIG. 19 of the accompanying drawings shows a 
conventional interdigitated interdigital surface acoustic 
wave filter 11 with normal transducers on a substrate 
111. If the number of transducers is indicated by (2m + 25 
1 ), then the bidirectional loss BL (dB) of the interdigitat- 
ed interdigital surface acoustic wave filter 11 is repre- 
sented by: 

30 

BL = 1 0 log{(2m + 2)/2m} (dB) (1 ). 

The bidirectional losses BL for the different num- 
bers of transducers are given in the following table: 

35 



2m + 1 


BL (dB) 


5 


1.80 


7 


1.25 


9 


0.97 


11 


0.70 


13 


0.67 



Since the interdigitated interdigital surface acoustic 
wave filter 11 shown in FIG. 19 has 5 transducers, its 
bidirectional loss BL is 1 .80 dB. It can be seen from the 
table that increasing the number of transducers is effec- 
tive to reduce the bidirectional loss BL. 

The input admittance Y of the transducers is ex- 
pressed by the following equation (2): 

Y= Ga + jBa + jcoC T (2) 

where 



co 0 = 27lf Q 

and C s represents the capacitance per transducer port, 
f the frequency, f 0 the center frequency, N the number 
of electrode finger pairs, W the aperture length, e 0 the 
dielectric constant of vacuum, £ r the dielectric constant 
of the substrate, and k the electromechanical coupling 
coefficient. 

The above equations indicate that as the number of 
electrode finger pairs increases, the radiation conduct- 
ance Ga increases and the input impedance decreases. 
Since the transducers are electrically connected parallel 
to each other in the interdigital configuration, the input 
impedance is lower as the number of transducers (2m 
+ 1) is greater. 

To reduce the passband of a surface acoustic wave 
filter, the number of electrode finger pairs of each trans- 
ducer is increased. Therefore, the input impedance of 
each transducer is reduced, making it impossible to in- 
crease the number of interdigital transducers due to the 
impedance limitation. As a consequence, the bidirec- 
tional loss of the surface acoustic wave filter is in- 
creased, resulting in a greater insertion loss. 

For example, it is assumed that the number of elec- 
trode finger pairs per input transducer is 22, the number 
of electrode finger pairs per output transducer is 30, and 
the aperture length is 20X (X is the wavelength of the 
input signal) in the interdigitated interdigital surface 
acoustic wave filter 11 with the 5 transducers (the elec- 
trode finger pairs are shown as fewer than actual in FIG. 
19). The impedances of such interdigitated interdigital 
surface acoustic wave filter 11 are calculated, and 
shown in FIGS. 20A and 20B with respect to normalized 
frequencies ranging from 0.9 to 1.1. FIG. 20A shows the 
calculated impedances on the input transducers, and 
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FIG. 20B shows the calculated impedances on the out- 
put transducers. For a 50 Q-impedance arrangement, 
the input and output sides can be matched by using a 
matching circuit shown in FIG. 21 A. 

As described above, the bidirectional loss of an in- 
terdigitated interdigital surface acoustic wave filter with 
5 transducers is 1 .80 dB (see the above table). Lowering 
the bidirectional loss requires that the number of trans- 
ducers be increased. If the number of transducers is in- 
creased, however, the impedances are reduced. For ex- 
ample, a surface acoustic wave filter 12 with 13 trans- 
ducers on a substrate 121 as shown in FIG. 22 has im- 
pedances as shown in FIGS. 23A and 23B with respect 
to normalized frequencies ranging from 0.9 to 1.1. FIG. 
23A shows the calculated impedances on the input 
transducers, and FIG. 23B shows the calculated imped- 
ances on the output transducers. The impedances 
which are lowered can be matched in a passband by 
using a 4-element matching circuit shown in FIG. 21 B 
which includes capacitors 32I, 320 added to the match- 
ing circuit shown in FIG. 21 A. As a result, the surface 
acoustic wave filter 12 has insertion loss vs. frequency 
characteristics as shown in FIG. 24. While the bidirec- 
tional loss of the surface acoustic wave filter 1 2 is about 
1 .0 dB lower than that of the surface acoustic wave filter 
with 5 transducers, the number of matching elements 
required is increased. 

As shown in FIG. 24, the insertion loss vs. frequen- 
cy characteristics of the surface acoustic wave filter 12 
with normal transducers to which the matching circuit 
shown in FIG. 21 B is connected suffer large side lobes 
outside of the passband. For suppressing such large 
side lobes, it is necessary to weight the transducers. 
However, although the side lobes of a surface acoustic 
wave filter with weighted transducers is suppressed, the 
surface acoustic wave filter has a widened trap frequen- 
cy band as indicated by the arrows in FIG. 24. 

FIG. 25 shows an interdigitated interdigital surface 
acoustic wave filter 10 which employs different with- 
drawal-weighted transducers for suppressing out-band 
side lobes. As shown in FIG. 25, the interdigitated inter- 
digital surface acoustic wave filter 10 has 13 transduc- 
ers on a substrate 13. FIG. 26 shows insertion loss vs. 
frequency characteristics of the surface acoustic wave 
filter 1 0 with the matching circuit shown in FIG. 21 B be- 
ing connected thereto. While the side lobes in the inser- 
tion loss vs. frequency characteristics shown in FIG. 26 
are smaller than those in insertion loss vs. frequency 
characteristics shown in FIG. 24, the attenuation in the 
vicinity of the passband is lowered due to a widened trap 
frequency band. 

As shown in FIG. 27, there has also been known an 
transducer 1 4 with an increased number of electrode fin- 
ger pairs on a substrate 141 for use with surface acous- 
tic waves. The impedance of the transducer 14 with 
many electrode finger pairs exhibits resonant character- 
istics as shown in FIG. 28. It is known that when the 
transducer 14 or resonator is inserted in series with a 



circuit, it provides a stop band at an antiresonant fre- 
quency. Since the transducer 14 functions as a capaci- 
tive element in the passband, the impedance is low and 
the loss is small if the capacitance of the capacitive el- 
5 ement is large. However, since there is usually a limita- 
tion on the capacitance, the impedance is prevented 
from being reduced as desired, causing an undue loss. 

(Two-port surface acoustic wave resonator filter) 

10 

As shown in FIG. 29, a conventional two-port sur- 
face acoustic wave resonator filter 20 comprises an in- 
put transducer 21 , two output transducers 22a, 22b dis- 
posed one on each side of the input transducer 21 and 
15 electrically connected parallel to each other, and two re- 
flectors 23a, 23b disposed outside of the output trans- 
ducers 22a, 22b, respectively. These transducers are 
formed on one substrate. FIG. 30 illustrates calculated 
insertion loss vs. frequency characteristics of the two- 
20 port surface acoustic wave resonator filter 20. The in- 
sertion loss vs. frequency characteristics shown in FIG. 
30 were calculated when the substrate was made of 
64y-xl_iNb0 3 , the number of input electrode finger pairs 
was 18.5, the number of output electrode finger pairs 
25 was 1 2.5, and the aperture length was about 60X where 
X is the wavelength of the input signal. 

The two-port surface acoustic wave resonator filter 
20 suffers a low insertion loss, and has good attenuation 
characteristics in a frequency band remote from the 
30 passband. However, the two-port surface acoustic wave 
resonator filter 20 essentially gives rise to a side lobe in 
a frequency range near and higher than the passband. 

To avoid the above difficulty, another conventional 
two-port surface acoustic wave resonator filter 40 
35 shown in FIG. 31 is composed of the two-port surface 
acoustic wave resonator filter 20 having the input trans- 
ducer 21, the output transducers 22a, 22b, and the re- 
flectors 23a, 23b, and another two-port surface acoustic 
wave resonator filter 30 having an input transducer 31 , 
40 the output transducers 32a, 32b, and reflectors 33a, 33b 
that are arranged similarly to the two-port surface 
acoustic wave resonator filter 20, the two-port surface 
acoustic wave resonator filters 20, 30 being mounted on 
one substrate and connected in cascade. The two-port 
45 surface acoustic wave resonator filter 40 achieves a 
large out-band attenuation level. 

As shown in FIG. 32, still another conventional two- 
port surface acoustic wave resonator filter 50 comprises 
an input transducer 51, an output transducer 52, a re- 
50 flector 53a disposed outside of the input transducer 51 , 
and a reflector 53b disposed outside of the output trans- 
ducer 52. These transducers are formed on one sub- 
strate. The two-port surface acoustic wave resonator fil- 
ter 50 has calculated insertion loss vs. frequency char- 
ts acteristics as shown in FIG. 33. As with the two-port sur- 
face acoustic wave resonator filter 20, the two-port sur- 
face acoustic wave resonator filter 50 has poor attenu- 
ation characteristics in afrequency range near and high- 
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er than the passband. The insertion loss vs. frequency 
characteristics shown in FIG. 33 were calculated when 
the substrate was made of x-1 1 2yl_iTa0 3 , the number of 
input electrode finger pairs was 50, the number of output 
electrode finger pairs was 50, and the number of reflec- 
tors on each side was 100. 

The two-port surface acoustic wave resonator filter 
40 has an out-band attenuation level which is twice the 
out-band attenuation level of the two-port surface 
acoustic wave resonator filter 20, but suffers a doubled 
insertion loss. If the attenuation level is not sufficient, 
three or four two-port surface acoustic wave resonator 
filters are connected in cascade. Therefore, since a two- 
port surface acoustic wave resonator filter itself is una- 
ble to suppress a limited side lobe in a frequency range 
near and higher than the passband, a plurality of two- 
port surface acoustic wave resonator filters have to be 
connected in cascade to suppress such a side lobe. 
However, the cascaded two-port surface acoustic wave 
resonator filters undergo an increased insertion loss. 

Consequently, although a two-port surface acoustic 
wave resonator filter has good attenuation characteris- 
tics in other frequency ranges than a frequency range 
near and higher than the passband, other two-port sur- 
face acoustic wave resonator filters have to be connect- 
ed in cascade to the two-port surface acoustic wave res- 
onator filter only to maintain a desired level of attenua- 
tion in the frequency range near and higher than the 
passband. 

(Interdigitated interdigital surface acoustic wave filter 
with a plurality of different withdrawal-weighted 
transducers) 

An interdigitated interdigital surface acoustic wave 
filter which employs a plurality of different withdrawal- 
weighted transducers is shown in FIG. 25. As shown in 
FIG. 25, the interdigitated interdigital surface acoustic 
wave filter 1 0 comprises a plurality of different withdraw- 
al-weighted input transducers 11a, 11b, 11c, 1 1 d, 11c, 
11b, 11a disposed on a substrate 13 of 36°y-xLiTa0 3 , 
and a plurality of different withdrawal-weighted output 
transducers 12a, 12b, 12c, 12c, 12b, 12a disposed on 
the substrate 1 3 between the input transducers. The in- 
put transducers 11a, 11b, 11c, 11 d, 11c, 11b, 11a are 
electrically connected parallel to each other and also 
connected to an input terminal A, and the output trans- 
ducers 12a, 12b, 12c, 12c, 12b, 12a are electrically con- 
nected parallel to each other and also connected to an 
output terminal B. 

The calculated insertion loss vs. frequency charac- 
teristics of the interdigitated interdigital surface acoustic 
wave filter 10 are shown in FIG. 26. When the insertion 
loss vs. frequency characteristics were calculated, an 
inductive element is connected as a matching circuit 
parallel to the interdigitated interdigital surface acoustic 
wave filter 10. In the illustrated insertion loss vs. fre- 
quency characteristics, the level of attenuation in a stop 



band near and lower than the passband is about 1 5 dB, 
and the level of attenuation in a stop band near and high- 
er than the passband is about 25 dB. While the interdig- 
itated interdigital surface acoustic wave filter 10 has a 
5 low insertion loss in the passband, the levels of attenu- 
ation outside of the passband are not enough. It is also 
difficult to achieve sharp cutoff characteristics in the in- 
sertion loss vs. frequency characteristics. 

Improved out-band insertion loss vs. frequency 
10 characteristics can be accomplished by interdigitated in- 
ter-digital surface acoustic wave filters with withdrawal- 
weighted transducers. However, the trap frequency 
band as shown in FIG. 26 is widened though the side 
lobes in the insertion loss vs. frequency characteristics 
15 are suppressed. 

A filter composed of surface acoustic wave resona- 
tors 54 ~ 58 connected in a ladder configuration as 
shown in FIG. 34 has insertion loss vs. frequency char- 
acteristics as shown in FIG. 35. Such a ladder-type filter 
20 arrangement requires that the product of the admittance 
of the surface acoustic wave resonators 55, 57 connect- 
ed parallel to each other and the impedance of the sur- 
face acoustic wave resonators 54, 56, 58 connected in 
series to each other be 1 or more outside of the pass- 
es band. Thus, the surface acoustic wave resonators 54, 
56, 58 connected in series to each other and the surface 
acoustic wave resonators 55, 57 connected parallel to 
each other have to be related to each other in a certain 
manner. 

30 As described above, if the transducers of the con- 
ventional interdigitated interdigital surface acoustic 
wave filters are withdrawal-weighted in order to sup- 
press the side lobes, then the trap frequency band is 
increased, impairing the cutoff characteristics in the in- 
35 sertion loss vs. frequency characteristics. 

It has been customary to connect interdigitated in- 
terdigital surface acoustic wave filters in cascade for in- 
creasing the level of attenuation in stop bands. This ap- 
proach is effective to increase the out-band attenuation 
40 levels, but also suffers an increased insertion loss in the 
passband. 

Filters composed of surface acoustic wave resona- 
tors connected in a ladder configuration require that a 
certain relationship be achieved between those surface 
45 acoustic wave resonators which are connected in series 
to each other and those surface acoustic wave resona- 
tors which are connected parallel to each other. As a 
result, the levels of attenuation in the stop bands remote 
from the passband are low, and there are certain limita- 
50 tions imposed on the passband and notch frequency. 
Higher attenuation levels outside of the passband sac- 
rifice the insertion loss, i.e., cause an increase in the 
insertion loss. 



It is a first object of the present invention to provide 
a surface acoustic wave filter which allows impedance 
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matching to be achieved easily even if the number of 
transducers is increased for a lower insertion loss, and 
which has better out-band insertion loss vs. frequency 
characteristics. 

A second object of the present invention is to pro- 
vide a surface acoustic wave filter which is of a simple 
arrangement for lowering the level of a side lobe in a 
frequency range close to and higher than a passband, 
which side lobe is essentially developed by a two-port 
surface acoustic wave resonator filter. 

A third object of the present invention is to provide 
a composite surface acoustic wave filter which is free of 
limitations on the passband and notch frequency, has a 
lower insertion loss, and better insertion loss vs. fre- 
quency characteristics by increasing the levels of atten- 
uation in frequency ranges higher and lower than the 
passband with the use of surface acoustic wave reso- 
nators. 

A fou rth object of the present invention is to provide 
a mobile communication system which incorporates a 
composite surface acoustic wave filter of better insertion 
loss vs. frequency characteristics with surface acoustic 
wave resonators. 

To achieve the first object of the present invention, 
there is provided a composite surface acoustic wave fil- 
ter comprising a surface acoustic wave filter having in- 
put and output terminals, and at least one surface 
acoustic wave resonator electrically connected in series 
to at least one of the input and output terminals of the 
surface acoustic wave filter. The surface acoustic wave 
resonator may have an antiresonant frequency in a stop 
band which is close to and higher than a passband of 
the surface acoustic wave filter. The surface acoustic 
wave filter may comprise an interdigitated interdigital 
surface acoustic wave filter comprising a plurality of in- 
put transducers electrically connected in parallel to each 
other, and a plurality of output transducers disposed be- 
tween the input transducers and electrically connected 
in parallel to each other. Alternatively, the surface 
acoustic wave filter may comprise a two-port surface 
acoustic wave resonator filter. The surface acoustic 
wave resonator may comprise a one-port surface 
acoustic wave resonator. The surface acoustic wave fil- 
ter and the surface acoustic wave resonator may be 
mounted on a substrate. 

To achieve the second object of the present inven- 
tion, there is provided a composite surface acoustic 
wave filter comprising a surface acoustic wave filter hav- 
ing input and output terminals, and at least one surface 
acoustic wave resonator electrically connected parallel 
to at least one of the input and output terminals of the 
surface acoustic wave filter. The surface acoustic wave 
resonator may have a resonant frequency in a stop band 
which is close to and lower than a passband of the sur- 
face acoustic wave filter. The surface acoustic wave fil- 
ter may comprise an interdigitated interdigital surface 
acoustic wave filter comprising a plurality of input trans- 
ducers electrically connected parallel to each other, and 



a plurality of output transducers disposed between the 
input transducers and electrically connected parallel to 
each other. Alternatively, the surface acoustic wave filter 
may comprise a two-port surface acoustic wave reso- 
5 nator filter. The surface acoustic wave resonator may 
comprise a one-port surface acoustic wave resonator. 
The surface acoustic wave filter and the surface acous- 
tic wave resonator may be mounted on the substrate. 
To achieve the third object of the present invention, 
10 there is provided a composite surface acoustic wave fil- 
ter comprising a surface acoustic wave filter having in- 
put and output terminals, at least one first surface 
acoustic wave resonator electrically connected parallel 
to at least one of the input and output terminals of the 
15 surface acoustic wave filter, and at least one second sur- 
face acoustic wave resonator electrically connected in 
series to the surface acoustic wave filter. The first sur- 
face acoustic wave resonator may have a resonant fre- 
quency in a stop band which is close to and lower than 
20 a passband of the surface acoustic wave filter, and the 
second surface acoustic wave resonator may have an 
antiresonant frequency in a stop band which is close to 
and higher than the passband of the surface acoustic 
wave filter. The surface acoustic wave filter may com- 
25 prise an interdigitated interdigital surface acoustic wave 
filter comprising a plurality of input transducers electri- 
cally connected parallel to each other, and a plurality of 
output transducers disposed between the input trans- 
ducers and electrically connected parallel to each other. 
30 Alternatively, the surface acoustic wave filter may com- 
prise a two-port surface acoustic wave resonator filter. 
Each of the first and second surface acoustic wave res- 
onators may comprise a one-port surface acoustic wave 
resonator. The surface acoustic wave filter and the first 
55 and second surface acoustic wave resonators may be 
mounted on the substrate. 

To achieve the fourth object of the present inven- 
tion, there is provided a mobile communication system 
including filters in an antenna sharing unit and interstage 
40 filters, each of the filters and the interstage filters com- 
prising any one of the composite acoustic surface wave 
filters described above. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent 
45 from the following description when taken in conjunction 
with the accompanying drawings which illustrate pre- 
ferred embodiments of the present invention by way of 
example. 



FIG. 1 is a schematic plan view of an interdigitated 
interdigital surface acoustic wave filter according to 
a first embodiment of the present invention; 
55 FIG. 2 is a diagram showing insertion loss vs. fre- 
quency characteristics of the interdigitated interdig- 
ital surface acoustic wave filter according to the first 
embodiment; 
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FIG. 3 is a schematic plan view of a surface acoustic 
wave filter according to a second embodiment of the 
present invention; 

FIG. 4 is a schematic plan view of a one-port surface 
acoustic wave resonator incorporated in the surface 5 
acoustic wave filter according to the second embod- 
iment; 

FIG. 5 is a diagram showing the input impedance 
of the one-port surface acoustic wave resonator in 
the second embodiment; to 
FIG. 6 is a diagram showing insertion loss vs. fre- 
quency characteristics of the surface acoustic wave 
filter according to the second embodiment; 
FIG. 7 is a schematic plan view of a surface acoustic 
wave filter according to a third embodiment of the is 
present invention; 

FIG. 8 is a diagram showing insertion loss vs. fre- 
quency characteristics of the surface acoustic wave 
filter according to the third embodiment; 
FIG. 9 is a schematic plan view of a composite sur- 20 
face acoustic wave filter according to a fourth em- 
bodiment of the present invention; 
FIG. 10 is a diagram showing insertion loss vs. fre- 
quency characteristics of the composite surface 
acoustic wave filter according to the fourth embod- 25 
iment; 

FIG. 11 is a schematic plan view of a composite sur- 
face acoustic wave filter according to a fifth embod- 
iment of the present invention; 

FIG. 12 is a schematic plan view of a one-port sur- 30 
face acoustic wave resonator with reflectors which 
may be employed in the fourth and fifth embodi- 
ments; 

FIG. 13 is a schematic plan view of a composite sur- 
face acoustic wave filter according to a sixth em- 35 
bodiment of the present invention; 
Fl G. 1 4 is a schematic plan view of a composite sur- 
face acoustic wave filter according to a seventh em- 
bodiment of the present invention; 
FIG. 15 is a diagram showing insertion loss vs. fre- 40 
quency characteristics of the composite surface 
acoustic wave filter according to the seventh em- 
bodiment; 

FIG. 16 is a schematic plan view of a composite sur- 
face acoustic wave filter according to an eighth em- 45 
bodiment of the present invention; 
FIG. 17 is a schematic plan view of a composite sur- 
face acoustic wave filter according to a ninth em- 
bodiment of the present invention; 
FIG. 18 is a block diagram of a portion of a mobile so 
communication system which incorporates a com- 
posite surface acoustic wave filter according to the 
present invention; 

FIG. 19 is a schematic plan view of a conventional 
interdigitated interdigital surface acoustic wave fil- 55 
ter with 5 transducers; 

FIG. 20A is a diagram showing calculated imped- 
ances on input transducers of the interdigitated in- 



terdigital surface acoustic wave filter with normal 
transducers shown in FIG. 19; 
FIG. 20B is a diagram showing calculated imped- 
ances on output transducers of the interdigitated in- 
terdigital surface acoustic wave filter with normal 
transducers shown in FIG. 19; 
FIG. 21 A is a circuit diagram of a matching circuit 
for the interdigitated interdigital surface acoustic 
wave filter shown in FIG. 1 9; 
FIG. 21 B is a circuit diagram of a matching circuit 
for an interdigitated interdigital surface acoustic 
wave filter shown in FIG. 22; 
FIG. 22 is a schematic plan view of a conventional 
interdigitated interdigital surface acoustic wave fil- 
ter with 1 3 transducers; 

FIG. 23A is a diagram showing calculated imped- 
ances on input transducers of the interdigitated in- 
terdigital surface acoustic wave filter shown in FIG. 

22; 

FIG. 23B is a diagram showing calculated imped- 
ances on output transducers of the interdigitated in- 
terdigital surface acoustic wave filter shown in FIG. 

22; 

FIG. 24 is a diagram showing insertion loss vs. fre- 
quency characteristics of the interdigitated interdig- 
ital surface acoustic wave filter shown in FIG. 22 
which is combined with the matching circuit shown 
in FIG. 21B; 

FIG. 25 is a schematic plan view of a conventional 
interdigitated interdigital surface acoustic wave fil- 
ter with 1 3 different withdrawal-weighted transduc- 
ers; 

FIG. 26 is a diagram showing insertion loss vs. fre- 
quency characteristics of the interdigitated interdig- 
ital surface acoustic wave filter shown in FIG. 25 
which is combined with the matching circuit shown 
in FIG. 21 B; 

FIG. 27 is a schematic plan view of a conventional 
transducer with an increased number of electrode 
finger pairs; 

FIG. 28 is a diagram showing impedance vs. fre- 
quency characteristics of the transducer shown in 
FIG. 27; 

FIG. 29 is a schematic plan view of a conventional 
two-port surface acoustic wave resonator filter; 
FIG. 30 is a diagram showing insertion loss vs. fre- 
quency characteristics of the two-port surface 
acoustic wave resonator filter shown in FIG. 29; 
FIG. 31 is a schematic plan view of two cascaded 
two-port surface acoustic wave resonator filters 
shown in FIG. 29; 

FIG. 32 is a schematic plan view of another conven- 
tional two-port surface acoustic wave resonator fil- 
ter; 

FIG. 33 is a diagram showing insertion loss vs. fre- 
quency characteristics of the two-port surface 
acoustic wave resonator filter shown in FIG. 32; 
FIG. 34 is a diagram of a conventional filter com- 
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posed of surface acoustic wave resonators con- 
nected in a ladder configuration; and 
FIG. 35 is a diagram showing insertion loss vs. fre- 
quency characteristics of the filter shown in FIG. 34. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

1st Embodiment: 

As shown in FIG. 1 , an interdigitated interdigital sur- 
face acoustic wave filter 101 according to a first embod- 
iment of the present invention comprises an interdigitat- 
ed interdigital surface acoustic wave filter 2 mounted on 
a substrate 5. The interdigitated interdigital surface 
acoustic wave filter 2 has 13 different withdrawal- 
weighted transducers including input transducers 3-| ~ 
3 7 and output transducers 4^ ~ 4 6 . 

The interdigitated interdigital surface acoustic wave 
filter 101 also includes a pair of transducers 6, 7 mount- 
ed on the substrate 5 and connected respectively to in- 
put and output terminals of the interdigitated interdigital 
surface acoustic wave filter 2. The transducers 6, 7 have 
many electrode finger pairs and are used in notch filters 
as resonators of the same structure. 

FIG. 2 shows insertion loss vs. frequency charac- 
teristics of the interdigitated interdigital surface acoustic 
wave filter 101 with matching circuits shown in FIG. 21 A 
being connected to the respective input and output ter- 
minals thereof. Comparison between the insertion loss 
vs. frequency characteristics shown in FIG. 2 and those 
shown in FIGS. 24 and 26 clearly indicates that the in- 
terdigitated interdigital surface acoustic wave filter 101 
has reduced side lobes outside of the passband and im- 
proved attenuation characteristics. 

The transducers 6, 7 have a low impedance at res- 
onant frequencies thereof and a high impedance at 
antiresonant frequencies thereof, and operate as ca- 
pacitive elements at other frequencies. In the first em- 
bodiment, the antiresonant frequencies of the transduc- 
ers 6, 7 are selected to be in the vicinity of the passband 
thereby to improve attenuation characteristics which are 
lowered by the withdrawal weighting of the electrode fin- 
gers of the interdigitated interdigital surface acoustic 
wave filter 2, and the transducers 6, 7 serve simply as 
capacitive elements in the passband. Therefore, the in- 
terdigitated interdigital surface acoustic wave filter 101 
does not require the series capacitance of a matching 
circuit which is necessitated by increasing the number 
of transducers for a lower insertion loss. If the notch fil- 
ters were composed of the transducers 6, 7 only, the 
capacitance of the resonators would be required to be 
increased infinitely for reducing the insertion loss. Ac- 
cording to the first embodiment, however, there isafinite 
optimum capacitance value determined in relation to the 
interdigitated interdigital surface acoustic wave filter, 
which is effective to reduce the insertion loss. 

Heretofore, as shown in FIG. 21 B, a matching cir- 



cuit is required to be composed of two capacitive ele- 
ments and two inductive elements, and the attenuation 
in the vicinity of the passband in the insertion loss vs. 
frequency characteristics is low as shown in FIG. 26. In 
5 this embodiment, however, a matching circuit may be 
composed of two inductive elements, and the insertion 
loss vs. frequency characteristics are better as shown 
in FIG. 2. 

A resonator comprising reflectors disposed one on 
10 each side of each of the transducers 6, 7 shown in FIG. 
1 offers the same advantages as described above. 

2nd Embodiment: 

15 FIG. 3 shows a surface acoustic wave filter accord- 
ing to a second embodiment of the present invention. 

The surface acoustic wave filter, generally desig- 
nated by the reference numeral 201 in FIG. 3, comprises 
a two-port surface acoustic wave resonator filter 202 

20 comprising an input transducer 203, two output trans- 
ducers 204a, 204b disposed one on each side of the 
input transducer 203, a reflector 205a disposed outside 
of the output transducer 204a, and a reflector 205b dis- 
posed outside of the output transducer 204b, a one-port 

25 surface acoustic wave resonator 207a disposed on an 
input terminal side of the two-port surface acoustic wave 
resonator filter 202, and a one-port surface acoustic 
wave resonator 207b disposed on an output terminal 
side of the two-port surface acoustic wave resonator fil- 

30 ter 202. The one-port surface acoustic wave resonator 
207a is electrically connected in series to an input ter- 
minal of the two-port surface acoustic wave resonator 
filter 202, so that an input signal can be supplied through 
the one-port surface acoustic wave resonator 207a to 

35 the input terminal of the two-port surface acoustic wave 
resonator filter 202. The one-port surface acoustic wave 
resonator 207b is electrically connected in series to out- 
put terminals of the output transducers 204a, 204b of 
the two-port surface acoustic wave resonator filter 202, 

40 so that an output signal can be outputted through the 
one-port surface acoustic wave resonator 207b. The 
two-port surface acoustic wave resonator filter 202 and 
the one-port surface acoustic wave resonators 207a, 
207b are formed on one substrate. 

45 The input impedance of a one-port surface acoustic 
wave resonator 6 (7) shown in FIG. 4, which is equiva- 
lent to the transducer 6 or 7 shown in FIG. 1 or the one- 
port surface acoustic wave resonator 207a or 207b, ex- 
hibits resonant characteristics shown in FIG. 5. The one- 

50 port surface acoustic wave resonators 207a, 207b of 
such resonant characteristics, when electrically con- 
nected in series to the two-port surface acoustic wave 
resonator filter 202, provide a stop band in the vicinity 
of their antiresonant frequencies. 

55 The one-port surface acoustic wave resonators 
207a, 207b have respective antiresonant frequencies 
as respective normalized frequencies fa, fb (see FIG. 6) 
that are close to and higher than the passband of the 
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two-port surface acoustic wave resonator filter 202. 

Therefore, while the two-port surface acoustic wave 
resonator filter 202 has insertion loss vs. frequency 
characteristics equal to the insertion loss vs. frequency 
characteristics shown in FIG. 30, the antiresonant fre- 
quencies of the one-port surface acoustic wave resona- 
tors 207a, 207b are selected as respective normalized 
frequencies fa, fb. Consequently, the level of aside lobe 
produced in a range close to and higher than the pass- 
band of the two-port surface acoustic wave resonator 
filter 202 is greatly reduced. The surface acoustic wave 
filter 201 according to the second embodiment thus has 
insertion loss vs. frequency characteristics as shown in 
FIG. 6, and any increase in its insertion loss is almost 
eliminated. 

Since the one-port surface acoustic wave resona- 
tors 207a, 207b are connected in cascade to the input 
and output terminals, respectively, of the two-port sur- 
face acoustic wave resonator filter 202, the level of the 
side lobe which is produced in a range close to and high- 
er than the passband of the conventional two-port sur- 
face acoustic wave resonator filter 20 is lowered in its 
full range, thereby providing sufficient attenuation char- 
acteristics. 

The one-port surface acoustic wave resonators 
207a, 207b function as electrostatic capacitors at fre- 
quencies other than their resonant and antiresonant fre- 
quencies, and their electrostatic capacitances are se- 
lected to be of a relatively large value. This makes it pos- 
sible to prevent the impedance of the two-port surface 
acoustic wave resonator filter 202 from varying in its 
passband. Setting the electrostatic capacitances to suit- 
able values is equivalent to electrically connecting elec- 
trostatic capacitive elements in series to the two-port 
surface acoustic wave resonator filter 202 in the pass- 
band thereof. Thus, these one-port surface acoustic 
wave resonators 207a, 207b may be used as matching 
circuit elements. The two-port surface acoustic wave 
resonator filter 202 can therefore be designed with 
greater freedom. 

The insertion loss vs. frequency characteristics 
shown in FIG. 6 can also be obtained by connecting the 
one-port surface acoustic wave resonators 207a, 207b 
to the two-port surface acoustic wave resonator filter 20 
shown in FIG. 29 which was designed without a match- 
ing circuit in a 50 Q-impedance arrangement. 

3rd Embodiment: 

FIG. 7 illustrates a surface acoustic wave filter ac- 
cording to a third embodiment of the present invention. 

As shown in FIG. 7, the surface acoustic wave filter, 
generally designated by the reference numeral 301, 
comprises a two-port surface acoustic wave resonator 
filter 31 0 comprising an input transducer 303, an output 
transducer 304, a reflector 305a disposed outside of the 
input transducer 303, and a reflector 305b disposed out- 
side of the output transducer 304, a one-port surface 



acoustic wave resonator 308a electrically connected in 
series to an input terminal of the two-port surface acous- 
tic wave resonator filter 31 0 for supplying an input signal 
through the one-port surface acoustic wave resonator 

5 308a to the two-port surface acoustic wave resonator 
filter 310, a one-port surface acoustic wave resonator 
308b electrically connected in series to an output termi- 
nal of the two-port surface acoustic wave resonator filter 
310, and a one-port surface acoustic wave resonator 

10 308c electrically connected in series to an output termi- 
nal of the one-port surface acoustic wave resonator 
308b for outputting an output signal through the one- 
port surface acoustic wave resonator 308c. The two- 
port surface acoustic wave resonator filter 310 and the 

15 one-port surface acoustic wave resonators 308a, 308b, 
308c are formed on one substrate. 

The one-port surface acoustic wave resonators 
308a, 308b, 308c have respective antiresonant frequen- 
cies as respective normalized frequencies fa, fb, fc (see 

20 FIG. 8) that are close to and higher than the passband 
of the two-port surface acoustic wave resonator filter 
310. 

Therefore, while the two-port surface acoustic wave 
resonator filter 310 is the same as the two-port surface 

25 acoustic wave resonator filter 50 shown in FIG. 32 and 
has insertion loss vs. frequency characteristics equal to 
the insertion loss vs. frequency characteristics shown in 
FIG. 33, the antiresonant frequencies of the one-port 
surface acoustic wave resonators 308a, 308b, 308c are 

30 selected as respective normalized frequencies fa, fb, fc. 
Consequently, the level of a side lobe produced in a 
range close to and higher than the passband of the two- 
port surface acoustic wave resonator filter 310 is greatly 
reduced. The surface acoustic wave filter 301 according 

55 to the third embodiment thus has insertion loss vs. fre- 
quency characteristics as shown in FIG. 8, and any in- 
crease in its insertion loss is almost eliminated. 

In the third embodiment, the three one-port surface 
acoustic wave resonators 308a, 308b, 308c are em- 

40 ployed be cause the range in which the attenuation level 
is poor, i.e., the side lobe, close to and higher than the 
passband of the two-port surface acoustic wave reso- 
nator filter 310 is relatively wide. The insertion loss vs. 
frequency characteristics shown in FIG. 33 are pro- 

45 duced by the two-port surface acoustic wave resonator 
filter 50 with no matching circuit. The insertion loss vs. 
frequency characteristics shown in FIG. 8 are obtained 
when inductive elements are connected as a matching 
circuit parallel to the two-port surface acoustic wave res- 

50 onator filter 310. 

Formation of the two-port surface acoustic wave 
resonator filter and the one-port surface acoustic wave 
resonators in each of the second and third embodiments 
allows their antiresonant frequencies to differ from each 

55 other by the same range. 

In each of the above embodiments, the two-port 
surface acoustic wave resonator filter and the one-port 
surface acoustic wave resonators are formed on one 
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substrate. However, the two-port surface acoustic wave 
resonator filter and the one-port surface acoustic wave 
resonators may be formed on different substrates for 
greater design freedom. 

In each of the above embodiments, the one-port 
surface acoustic wave resonators have different anti res- 
onant frequencies and are electrically connected in se- 
ries to the two-port surface acoustic wave resonator fil- 
ter. However, the one-port surface acoustic wave reso- 
nators may have the same antiresonant frequency and 
be electrically connected in series to the two-port sur- 
face acoustic wave resonator filter for a higher imped- 
ance to achieve more design flexibility. 

While in each of the above embodiments the plural 
one-port surface acoustic wave resonators are electri- 
cally connected in series to the two-port surface acous- 
tic wave resonator filter, only one one-port surface 
acoustic wave resonators may be electrically connected 
in series to the two-port surface acoustic wave resonator 
filter for effectively reducing the side lobe level insofar 
as the frequency range of the side lobe close to and 
higher than the passband is relatively narrow. 

In each of the above embodiments, each of the one- 
port surface acoustic wave resonators comprises an 
transducer only. However, each of the one-port surface 
acoustic wave resonators may be combined with reflec- 
tors disposed one on each side thereof. 

If there is a side lobe existing in a range close to 
and lower than the passband of the two-port surface 
acoustic wave resonator filter, one or more one-port sur- 
face acoustic wave resonator having an antiresonant 
frequency in a range close to and lower than the pass- 
band may be electrically connected in series to the input 
or output terminal transducer of the two-port surface 
acoustic wave resonator filter. 

4th Embodiment: 

FIG. 9 shows a composite surface acoustic wave 
filter according to a fourth embodiment of the present 
invention. 

As shown in FIG. 9, the composite surface acoustic 
wave filter, generally designated by the reference nu- 
meral 401, comprises an interdigitated interdigital sur- 
face acoustic wave filter 410 comprising a plurality of 
different withdrawal-weighted input transducers 11a, 
11b, 11c, 1 1 d, 11c, 11b, 11a disposed on a substrate 1 3 
and a plurality of different withdrawal-weighted output 
transducers 12a, 12b, 12c, 12c, 12b, 12a disposed on 
the substrate 13, the input transducers 11a, 11b, 11c, 
11d, 11c, 11b, 11a being electrically connected parallel 
to each other and the output transducers 1 2a, 1 2b, 1 2c, 
12c, 12b, 12a being electrically connected parallel to 
each other. The composite surface acoustic wave filter 
401 also includes a one-port surface acoustic wave res- 
onator 405a electrically connected parallel to the inter- 
digitated interdigital surface acoustic wave filter 410 
through an input terminal A thereof, and a one-port sur- 



face acoustic wave resonator 405b electrically connect- 
ed parallel to the interdigitated interdigital surface 
acoustic wave filter 410 through an output terminal B 
thereof. The one-port surface acoustic wave resonators 

5 405a, 405b are also formed on the substrate 1 3. 

The interdigitated interdigital surface acoustic wave 
filter 410 are identical to the interdigitated interdigital 
surface acoustic wave filter 2 shown in FIG. 1 . The one- 
port surface acoustic wave resonators 405a, 405b are 

10 identical to the one-port surface acoustic wave resona- 
tors 6, 7 shown in FIG. 4. 

The impedance of the one-port surface acoustic 
wave resonators 405a, 405b exhibits the resonant char- 
acteristics shown in FIG. 5. The impedance of the one- 

15 port surface acoustic wave resonators 405a, 405b is 
lower in the vicinity of the resonant frequencies thereof, 
and higher in the vicinity of the antiresonant frequencies 
thereof. 

If only the one-port surface acoustic wave resona- 
te tors 405a, 405b were employed as a filter, then a good 
level of attenuation would be achieved at the resonant 
frequencies of the one-port surface acoustic wave res- 
onators 405a, 405b, but it would be difficult to widen the 
attenuation frequency range. 
25 in the composite surface acoustic wave filter 401 , 
the one-port surface acoustic wave resonators 405a, 
405b are electrically connected respectively to the input 
and output terminals A, B of the interdigitated interdigital 
surface acoustic wave filter 410 parallel thereto. With 
30 this arrangement, the composite surface acoustic wave 
filter 401 provides a stop band in the vicinity of the res- 
onant frequency because the impedance of the one-port 
surface acoustic wave resonators 405a, 405b is low at 
the resonant frequencies thereof, and the insertion loss 
35 is not increased because the impedance of the one-port 
surface acoustic wave resonators 405a, 405b is high at 
the antiresonant frequencies thereof. The insertion loss 
of the composite surface acoustic wave filter 401 thus 
remains substantially unchanged. 
40 in the fourth embodiment, the pitch of electrode fin- 
gers of the one-port surface acoustic wave resonators 
405a, 405b is selected to bring the resonant frequencies 
of the one-port surface acoustic wave resonators 405a, 
405b into the stop band close to and lower than the 
45 passband of the interdigitated interdigital surface acous- 
tic wave filter 410, and also to bring the antiresonant 
frequencies of the one-port surface acoustic wave res- 
onators 405a, 405b into the passband of the interdigi- 
tated interdigital surface acoustic wave filter 410. With 
50 such resonant and antiresonant frequency settings, 
since the impedance of the one-port surface acoustic 
wave resonators 405a, 405b is low at the resonant fre- 
quencies thereof, there is obtained a stop band in the 
vicinity of the resonant frequencies of the one-port sur- 
55 face acoustic wave resonators 405a, 405b, providing 
sharp attenuation characteristics in a range lower than 
the passband of the interdigitated interdigital surface 
acoustic wave filter 41 0. Inasmuch as the impedance of 
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the one-port surface acoustic wave resonators 405a, 
405b is high at the antiresonant frequencies thereof, the 
insertion loss is not increased in the passband of the 
interdigitated interdigital surface acoustic wave filter 
410, thus improving the attenuation characteristics 
which are impaired by the withdrawal weighting of the 
transducers of the interdigitated interdigital surface 
acoustic wave filter 410. 

FIG. 10 shows insertion loss vs. frequency charac- 
teristics of the interdigitated interdigital surface acoustic 
wave filter 410. As shown in FIG. 10, the attenuation 
level in the stop band of the composite surface acoustic 
wave filter 401 , which is of 35 dB, is improved about 20 
dB and the trap frequency range is reduced by the two 
one-port surface acoustic wave resonators 405a, 405b 
connected to the interdigitated interdigital surface 
acoustic wave filter 41 0. The composite surface acous- 
tic wave filter 401 can thus achieve the same attenuation 
level as is the case with the conventional arrangement 
in which interdigitated interdigital surface acoustic wave 
filters are connected in cascade. 

The one-port surface acoustic wave resonators 
405a, 405b function as electrostatic capacitive elements 
at frequencies other than their resonant and antireso- 
nant frequencies. Because of the electrostatic capaci- 
tance of the one-port surface acoustic wave resonators 
405a, 405b, the inductance of inductive elements con- 
nected as a matching circuit parallel to the interdigitated 
interdigital surface acoustic wave filter 410 may be re- 
duced, and hence the size of the inductive elements 
may also be reduced. 

If the number of transducers and the pitch of elec- 
trode fingers of the interdigitated interdigital surface 
acoustic wave filter 41 0 are selected to design the inter- 
digitated interdigital surface acoustic wave filter 410 
such that capacitive elements are required to be con- 
nected as a matching circuit parallel to the interdigitated 
interdigital surface acoustic wave filter 410, then the 
electrostatic capacitance of such capacitive elements 
may be reduced because of the electrostatic capaci- 
tance of the one-port surface acoustic wave resonators 
405a, 405b. Furthermore, the electrostatic capacitance 
of the one-port surface acoustic wave resonators 405a, 
405b may be set to such a value that no matching circuit 
will be required to be connected parallel to the interdig- 
itated interdigital surface acoustic wave filter 410. 

In the fourth embodiment, if the one-port surface 
acoustic wave resonators 405a, 405b have the same 
resonant frequency, then the notch in the stop band 
close to and lower than the passband of the interdigitat- 
ed interdigital surface acoustic wave filter 41 0 becomes 
deep. The resonant and antiresonant frequencies of the 
one-port surface acoustic wave resonators 405a, 405b 
may be varied by changing the pitch of electrode fingers 
of the one-port surface acoustic wave resonators 405a, 
405b. If the pitch of electrode fingers of the one-port sur- 
face acoustic wave resonators 405a, 405b is changed 
to slightly vary the resonant frequencies thereof, then 



the frequency range in which a large attenuation level 
can be achieved in the stop band close to and lower than 
the passband of the interdigitated interdigital surface 
acoustic wave filter 410 is increased. 
5 Since the one-port surface acoustic wave resona- 

tors 405a, 405b and the interdigitated interdigital sur- 
face acoustic wave filter 410 are formed on the same 
substrate 13, as described above, any stray capaci- 
tance which would be introduced by interconnections 
10 between the one-port surface acoustic wave resonators 
405a, 405b and the interdigitated interdigital surface 
acoustic wave filter 410 is minimized. The relationships 
between the resonant frequencies of the one-port sur- 
face acoustic wave resonators 405a, 405b and the cut- 
's off frequency in the stop band lower than the passband 
of the interdigitated interdigital surface acoustic wave 
filter 41 0 are the same as each other, and the frequency 
errors and temperature characteristics of the one-port 
surface acoustic wave resonators 405a, 405b at the 
20 time they are manufactured are the same as those of 
the interdigitated interdigital surface acoustic wave filter 
410. Consequently, the differences between the cutoff 
frequency and the resonant and antiresonant frequen- 
cies due to the frequency errors at the time the compos- 
es ite surface acoustic wave filter 401 is manufactured are 
relatively small. As the area of the chip on which the 
composite surface acoustic wave filter 401 is fabricated 
is not large, the composite surface acoustic wave filter 
401 is relatively inexpensive. The same advantages as 
30 described above can be achieved even if one of the one- 
port surface acoustic wave resonators 405a, 405b is dis- 
pensed with. 

As indicated by the broken lines in FIG. 9, one-port 
surface acoustic wave resonators 405c, 405d may be 

35 electrically connected parallel to the one-port surface 
acoustic wave resonators 405a, 405b, respectively. If 
the one-port surface acoustic wave resonators 405a, 
405b, 405c, 405d have the same resonant frequency, 
then the notch in the stop band close to and lower than 

40 the passband of the interdigitated interdigital surface 
acoustic wave filter 41 0 becomes deeper. If the resonant 
frequencies of the one-port surface acoustic wave res- 
onators 405a, 405b, 405c, 405d are slightly varied from 
each other, then the frequency range in which a large 

45 attenuation level can be achieved in the stop band close 
to and lower than the passband of the interdigitated in- 
terdigital surface acoustic wave filter 410 is increased. 

5th Embodiment: 

50 

A composite surface acoustic wave filter according 
to a fifth embodiment of the present invention is shown 
in FIG. 11. 

As shown in FIG. 11 , the composite surface acous- 
55 tic wave filter, generally designated by the reference nu- 
meral 501, comprises an interdigitated interdigital sur- 
face acoustic wave filter 510 and two one-port surface 
acoustic wave resonators 507a, 507b which are formed 
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on a substrate 13. The one-port surface acoustic wave 
resonators 507a, 507b are electrically connected in se- 
ries to each other, and also electrically connected par- 
allel to the interdigitated interdigital surface acoustic 
wave filter 51 0 at an output terminal B thereof. The one- 
port surface acoustic wave resonators 507a, 507b are 
identical to the one-port surface acoustic wave resona- 
tor 6(7) shown in FIG. 4. 

As shown in FIG. 5, the impedance of the one-port 
surface acoustic wave resonators 507a, 507b is low at 
the resonant frequencies thereof and high at the antires- 
onant frequencies thereof. 

The resonant frequencies of the one-port surface 
acoustic wave resonators 507a, 507b are brought into 
the stop band close to and lower than the passband of 
the interdigitated interdigital surface acoustic wave filter 
510, and also the antiresonant frequencies of the one- 
port surface acoustic wave resonators 507a, 507b are 
brought into the passband of the interdigitated interdig- 
ital surface acoustic wave filter 51 0. With such resonant 
and antiresonant frequency settings, since the imped- 
ance of the one-port surface acoustic wave resonators 
507a, 507b is low at the resonant frequencies thereof, 
there is obtained a stop band in the vicinity of the reso- 
nant frequencies of the one-port surface acoustic wave 
resonators 507a, 507b, providing sharp attenuation 
characteristics in a range lower than the passband of 
the interdigitated interdigital surface acoustic wave filter 
510. Since the impedance of the one-port surface 
acoustic wave resonators 507a, 507b is high at the 
antiresonant frequencies thereof, the insertion loss is 
not increased in the passband of the interdigitated inter- 
digital surface acoustic wave filter 510, thus improving 
the attenuation characteristics which are impaired by 
the withdrawal weighting of the transducers of the inter- 
digitated interdigital surface acoustic wave filter 510. 

Since the one-port surface acoustic wave resona- 
tors 507a, 507b are electrically connected in series to 
each other, their impedance at the antiresonant frequen- 
cies thereof can be increased, and their electrostatic ca- 
pacitance at frequencies other than the resonant and 
antiresonant frequencies can be reduced. 

If the one-port surface acoustic wave resonators 
507a, 507b have the same resonant frequency, then the 
impedance in the vicinity of the antiresonant frequencies 
thereof is increased, and the insertion loss is not in- 
creased. The resonant frequencies of the one-port sur- 
face acoustic wave resonators 507a, 507b may be var- 
ied by differing the pitch of electrode fingers of the one- 
port surface acoustic wave resonators 507a, 507b. If the 
one-port surface acoustic wave resonators 507a, 507b 
have slightly different resonant frequencies, then the 
frequency range in which a large attenuation level can 
be achieved in the stop band close to and lower than 
the passband of the interdigitated interdigital surface 
acoustic wave filter 51 0 is increased. In this case, there 
is no increase in the insertion loss in the vicinity of the 
antiresonant frequency in the passband. 



In the fourth and fifth embodiments, the one-port 
surface acoustic wave resonators 405a, 405b, 507a, 
507b are arranged as shown in FIG. 4. However, as 
shown in FIG. 12, each of the one-port surface acoustic 
5 wave resonators 405a, 405b, 507a, 507b may be com- 
posed of an transducer 81 and a pair of reflectors 82, 
83 disposed one on each side of the transducer 81 . 

6th Embodiment: 

10 

FIG. 13 illustrates a composite surface acoustic 
wave filter according to a sixth embodiment of the 
present invention. 

As shown in FIG. 1 3, the composite surface acous- 
15 tic wave filter, generally designated by the reference nu- 
meral 601 , comprises a two-port surface acoustic wave 
resonator filter 640 composed of an input transducer 
641, two output transducers 642a, 642b disposed one 
on each side of the input transducer 641 and electrically 
20 connected parallel to the input transducer 641 , and two 
reflectors 643a, 643b disposed outside of the respective 
output transducers 642a, 642b remotely from the input 
transducer 641 , and a one-port surface acoustic wave 
resonator 605b electrically connected parallel to the 
25 two-port surface acoustic wave resonator filter 640 at 
an output terminal D thereof. The two-port surface 
acoustic wave resonator filter 640 and the one-port sur- 
face acoustic wave resonator 605b are formed on a sub- 
strate 1 3. The two-port surface acoustic wave resonator 
so filter 640 has essentially the same insertion loss vs. fre- 
quency characteristics as those of the interdigitated in- 
terdigital surface acoustic wave filters 410, 510. 

The insertion loss vs. frequency characteristics of 
the composite surface acoustic wave filter 601 are im- 
55 proved by selecting the resonant frequency of the one- 
port surface acoustic wave resonator 605b to be in the 
stop band close to and lower than the passband of the 
two-port surface acoustic wave resonator filter 640. 
In the fourth through sixth embodiments, the reso- 
ld nant frequencies of the one-port surface acoustic wave 
resonators 405a ~ 405d, 507a, 507b, 605b are selected 
to be in the stop bands close to and lower than the pass- 
bands of the interdigitated interdigital surface acoustic 
wave filters 410, 510 and the two-port surface acoustic 
45 wave resonator filter 640. However, the resonant fre- 
quencies of the one-port surface acoustic wave resona- 
tors 405a ~ 405d, 507a, 507b, 605b may be selected to 
be in a frequency band where a side lobe exists, lower 
than the passbands of the interdigitated interdigital sur- 
50 face acoustic wave filters 41 0, 51 0 and the two-port sur- 
face acoustic wave resonator filter 640, for thereby sup- 
pressing the side lobe in the frequency range lower than 
the passband. 



FIG. 14 shows a composite surface acoustic wave 
filter according to a seventh embodiment of the present 
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invention. 

As shown in FIG. 14, the composite surface acous- 
tic wave filter, generally designated by the reference nu- 
meral 701, comprises an interdigitated interdigital sur- 
face acoustic wave filter 710 with different withdrawal- 
weighted transducers, a one-port surface acoustic wave 
resonator 71a electrically connected in series to the in- 
terdigitated interdigital surface acoustic wave filter 710 
at an input terminal A thereof, a one-port surface acous- 
tic wave resonator 71b electrically connected in series 
to the interdigitated interdigital surface acoustic wave 
filter 71 0 at an output terminal B thereof, a one-port sur- 
face acoustic wave resonator 72a electrically connected 
parallel to the interdigitated interdigital surface acoustic 
wave filter 71 0 at the input terminal A thereof , and a one- 
port surface acoustic wave resonator 72b electrically 
connected parallel to the interdigitated interdigital sur- 
face acoustic wave filter 710 at the output terminal B 
thereof. The interdigitated interdigital surface acoustic 
wave filter 71 0 and the one-port surface acoustic wave 
resonators 71 a, 71 b, 72a, 72b are formed on a substrate 
13. 

The interdigitated interdigital surface acoustic wave 
filter 71 0 with different withdrawal-weighted transducers 
is identical to the interdigitated interdigital surface 
acoustic wave filter 410 shown in FIG. 9. The one-port 
surface acoustic wave resonators 71a, 71b, 72a, 72b 
are identical to the one-port surface acoustic wave res- 
onator 6(7) shown in FIG. 4. 

The impedance of the one-port surface acoustic 
wave resonators 71a, 71b, 72a, 72b exhibits the reso- 
nant characteristics shown in FIG. 5. The impedance of 
the one-port surface acoustic wave resonators 71a, 
71 b, 72a, 72b is lower in the vicinity of the resonant fre- 
quencies thereof, and higher in the vicinity of the antires- 
onant frequencies thereof. 

If only the one-port surface acoustic wave resona- 
tors 71a, 71b, 72a, 72b were employed as a filter, then 
a good level of attenuation would be achieved at the 
antiresonant frequencies of the one-port surface acous- 
tic wave resonators 71a, 71b, 72a, 72b, but it would be 
difficult to widen the attenuation frequency range. 

In the composite surface acoustic wave filter 701, 
the one-port surface acoustic wave resonators 71a, 71b 
are electrically connected to the input and output termi- 
nals A, B, respectively, of the interdigitated interdigital 
surface acoustic wave filter 710 in series thereto. With 
this arrangement, the composite surface acoustic wave 
filter 701 provides a stop band in the vicinity of the 
antiresonant frequency because the impedance of the 
one-port surface acoustic wave resonators 71a, 71b is 
high at the antiresonant frequencies thereof, and the in- 
sertion loss is not increased because the impedance of 
the one-port surface acoustic wave resonators 71 a, 71 b 
is low at the resonant frequencies thereof. The insertion 
loss of the composite surface acoustic wave filter 701 
thus remains substantially unchanged. 

In the composite surface acoustic wave filter 701, 



the one-port surface acoustic wave resonators 72a, 72b 
are electrically connected to the input and output termi- 
nals A, B, respectively, of the interdigitated interdigital 
surface acoustic wave filter 710 parallel thereto. With 

s this arrangement, the composite surface acoustic wave 
filter 701 provides a stop band in the vicinity of the res- 
onant frequency because the impedance of the one-port 
surface acoustic wave resonators 72a, 72b is low at the 
resonant frequencies thereof, and the insertion loss is 

10 not increased because the impedance of the one-port 
surface acoustic wave resonators 72a, 72b is high at the 
antiresonant frequencies thereof. The insertion loss of 
the composite surface acoustic wave filter 701 thus re- 
mains substantially unchanged. 

15 in the seventh embodiment, the pitch of electrode 
fingers of the one-port surface acoustic wave resonators 
71a, 71b is selected to bring the antiresonant frequen- 
cies of the one-port surface acoustic wave resonators 
71 a, 71 b into the stop band close to and higher than the 

20 passband of the interdigitated interdigital surface acous- 
tic wave filter 710, and also to bring the resonant fre- 
quencies of the one-port surface acoustic wave resona- 
tors 71a, 71b into the passband of the interdigitated in- 
terdigital surface acoustic wave filter 710. Similarly, the 

25 pitch of electrode fingers of the one-port surface acous- 
tic wave resonators 72a, 72b is selected to bring the res- 
onant frequencies of the one-port surface acoustic wave 
resonators 72a, 72b into the stop band close to and low- 
er than the passband of the interdigitated interdigital sur- 

30 face acoustic wave filter 710, and also to bring the 
antiresonant frequencies of the one-port surface acous- 
tic wave resonators 72a, 72b into the passband of the 
interdigitated interdigital surface acoustic wave filter 
710. With such resonant and antiresonant frequency 

55 settings, since the impedance of the one-port surface 
acoustic wave resonators 71 a, 71 b is high at the antires- 
onant frequencies thereof, there is obtained a stop band 
in the vicinity of the antiresonant frequencies of the one- 
port surface acoustic wave resonators 71 a, 71 b, provid- 

40 jng sharp attenuation characteristics in a range higher 
than the passband of the interdigitated interdigital sur- 
face acoustic wave filter 710. Because the impedance 
of the one-port surface acoustic wave resonators 72a, 
72b is low at the resonant frequencies thereof, there is 

45 obtained a stop band in the vicinity of the resonant fre- 
quencies of the one-port surface acoustic wave resona- 
tors 72a, 72b, providing sharp attenuation characteris- 
tics in a range lower than the passband of the interdig- 
itated interdigital surface acoustic wave filter 710. 

50 Inasmuch as the impedance of the one-port surface 
acoustic wave resonators 71a, 71b is low at the reso- 
nant frequencies thereof, the insertion loss is not in- 
creased in the passband of the interdigitated interdigital 
surface acoustic wave filter 710, and also inasmuch as 

55 the impedance of the one-port surface acoustic wave 
resonators 72a, 72b is high at the antiresonant frequen- 
cies thereof, the insertion loss is not increased in the 
passband of the interdigitated interdigital surface acous- 
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tic wave filter 710, thus improving the attenuation char- 
acteristics which are impaired by the withdrawal weight- 
ing of the transducers of the interdigitated interdigital 
surface acoustic wave filter 710. 

FIG. 15 shows insertion loss vs. frequency charac- 
teristics of the composite surface acoustic wave filter 
701 with inductive elements connected as a matching 
circuit parallel to the interdigitated interdigital surface 
acoustic wave filter 710. As shown in FIG. 15, the atten- 
uation level in the stop bands close to and higher and 
lower than the passband of the composite surface 
acoustic wave filter 701 is of 35 dB. The attenuation level 
in the stop band close to and lower than the passband 
is improved about 1 5 dB and the attenuation level in the 
stop band close to and higher than the passband is im- 
proved about 20 dB, and the trap frequency range is re- 
duced by the one-port surface acoustic wave resonators 
71 a, 71 b, 72a, 72b connected to the interdigitated inter- 
digital surface acoustic wave filter 710. The composite 
surface acoustic wave filter 701 can thus achieve the 
same attenuation level as is the case with the conven- 
tional arrangement in which interdigitated interdigital 
surface acoustic wave filters are connected in cascade. 

The one-port surface acoustic wave resonators 
71a, 71b, 72a, 72b function as electrostatic capacitive 
elements at frequencies other than their resonant and 
antiresonant frequencies. Because of the electrostatic 
capacitance of the one-port surface acoustic wave res- 
onators 72a, 72b, the inductance of inductive elements 
connected as a matching circuit parallel to the interdig- 
itated interdigital surface acoustic wave filter 710 may 
be reduced, and hence the size of the inductive ele- 
ments may also be reduced. 

If the number of transducers and the pitch of elec- 
trode fingers of the interdigitated interdigital surface 
acoustic wave filter 710 are selected to design the inter- 
digitated interdigital surface acoustic wave filter 710 
such that capacitive elements are required to be con- 
nected as a matching circuit parallel to the interdigitated 
interdigital surface acoustic wave filter 710, then the 
electrostatic capacitance of such capacitive elements 
may be reduced because of the electrostatic capaci- 
tance of the one-port surface acoustic wave resonators 
72a, 72b. Furthermore, the electrostatic capacitance of 
the one-port surface acoustic wave resonators 72a, 72b 
may be set to such a value that no matching circuit will 
be required to be connected parallel to the interdigitated 
interdigital surface acoustic wave filter 710. If a match- 
ing circuit needs to be connected in series to the inter- 
digitated interdigital surface acoustic wave filter 710, 
such a matching circuit may partly or wholly be dis- 
pensed with due to the electrostatic capacitance of the 
one-port surface acoustic wave resonators 71a, 71b. 

In the seventh embodiment, if the one-port surface 
acoustic wave resonators 71a, 71b have the same 
antiresonant frequency, then the notch in the stop band 
close to and higher than the passband of the interdigi- 
tated interdigital surface acoustic wave filter 710 be- 



comes deep. If the pitch of electrode fingers of the one- 
port surface acoustic wave resonators 71a, 71b is 
changed to slightly vary the antiresonant frequencies 
thereof, then the frequency range in which a large at- 

s tenuation level can be achieved in the stop band close 
to and higher than the passband of the interdigitated in- 
terdigital surface acoustic wave filter 710 is increased. 

Since the one-port surface acoustic wave resona- 
tors 71 a, 71 b, 72a, 72b and the interdigitated interdigital 

10 surface acoustic wave filter 71 0 are formed on the same 
substrate 13, as described above, any stray capaci- 
tance which would be introduced by interconnections 
between the one-port surface acoustic wave resonators 
71 a, 71 b, 72a, 72b and the interdigitated interdigital sur- 

15 face acoustic wave filter 71 0 is minimized. The relation- 
ships between the antiresonant frequencies of the one- 
port surface acoustic wave resonators 71 a, 71 b and the 
cutoff frequency in the stop band higher than the pass- 
band of the interdigitated interdigital surface acoustic 

20 wave filter 710 are the same as each other, and the re- 
lationships between the resonant frequencies of the 
one-port surface acoustic wave resonators 72a, 72b 
and the cutoff frequency in the stop band lower than the 
passband of the interdigitated interdigital surface acous- 

25 tic wave filter 710 are the same as each other. The fre- 
quency errors and temperature characteristics of the 
one-port surface acoustic wave resonators 71a, 71b, 
72a, 72b at the time they are manufactured are the same 
as those of the interdigitated interdigital surface acoustic 

30 wave filter 710. 

Consequently, the differences between the cutoff fre- 
quency and the resonant and antiresonant frequencies 
due to the frequency errors at the time the composite 
surface acoustic wave filter 701 is manufactured are rel- 

55 atively small. As the area of the chip on which the com- 
posite surface acoustic wave filter 701 is fabricated is 
not large, the composite surface acoustic wave filter 701 
is relatively inexpensive. The same advantages as de- 
scribed above can be achieved even if one of the one- 

40 port surface acoustic wave resonators 71a, 71b is dis- 
pensed with. Similarly, the same advantages as de- 
scribed above can be achieved even if one of the one- 
port surface acoustic wave resonators 72a, 72b is dis- 
pensed with. 

45 As indicated by the broken lines in FIG. 14, one-port 
surface acoustic wave resonators 71 c, 71 d may be elec- 
trically connected parallel to the one-port surface acous- 
tic wave resonators 71a, 71b, respectively. If the one- 
port surface acoustic wave resonators 71a, 71b, 71c, 

50 71 d have the same antiresonant frequency, then the 
notch in the stop band close to and higher than the pass- 
band of the interdigitated interdigital surface acoustic 
wave filter 71 0 becomes deeper. If the antiresonant fre- 
quencies of the one-port surface acoustic wave resona- 

55 tors 71 a, 71 b, 71 c, 71 d are slightly varied from each oth- 
er, then the frequency range in which a large attenuation 
level can be achieved in the stop band close to and high- 
er than the passband of the interdigitated interdigital sur- 
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face acoustic wave filter 710 is increased. 

Likewise, as indicated by the broken lines in FIG. 
14, one-port surface acoustic wave resonators 72c, 72d 
may be electrically connected parallel to the one-port 
surface acoustic wave resonators 72a, 72b, respective- 
ly. If the one-port surface acoustic wave resonators 72a, 
72b, 72c, 72d have the same resonant frequency, then 
the notch in the stop band close to and lower than the 
passbandof the interdigitated interdigital surface acous- 
tic wave filter 710 becomes deeper. If the resonant fre- 
quencies of the one-port surface acoustic wave resona- 
tors 72a, 72b, 72c, 72d are slightly varied from each oth- 
er, then the frequency range in which a large attenuation 
level can be achieved in the stop band close to and lower 
than the passband of the interdigitated interdigital sur- 
face acoustic wave filter 710 is increased. 

In the seventh embodiment, the one-port surface 
acoustic wave resonator 72a is connected parallel to the 
transducers of the interdigitated interdigital surface 
acoustic wave filter 710. However, the one-port surface 
acoustic wave resonator 72a may be connected parallel 
to the input terminal IN. Similarly, while the one-port sur- 
face acoustic wave resonator 72b is connected parallel 
to the transducers of the interdigitated interdigital sur- 
face acoustic wave filter 710, the one-port surface 
acoustic wave resonator 72a may be connected parallel 
to the output terminal OUT. 

8th Embodiment: 

FIG. 16 shows a composite surface acoustic wave 
filter according to an eighth embodiment of the present 
invention. 

As shown in FIG. 16, the composite surface acous- 
tic wave filter, generally designated by the reference nu- 
meral 801, comprises an interdigitated interdigital sur- 
face acoustic wave filter 810 with different withdrawal- 
weighted transducers and one-port surface acoustic 
wave resonators 71a, 71b, 72c, 72e which are formed 
on a substrate 13. The one-port surface acoustic wave 
resonator 71a is electrically connected in series to the 
interdigitated interdigital surface acoustic wave filter 8 1 0 
at an input terminal A thereof. The one-port surface 
acoustic wave resonator 71 b is electrically connected in 
series to the interdigitated interdigital surface acoustic 
wave filter 81 0 at an output terminal B thereof. The one- 
port surface acoustic wave resonator 72c is electrically 
connected parallel to the interdigitated interdigital sur- 
face acoustic wave filter 810 at the input terminal A 
thereof. The one-port surface acoustic wave resonator 
72e is electrically connected parallel to the interdigitated 
interdigital surface acoustic wave filter 810 at an input 
terminal IN of the composite surface acoustic filter 801 . 
The one-port surface acoustic wave resonators 71a, 
72c, 72e are thus connected as a pi network between 
the input terminal IN of the composite surface acoustic 
filter 801 and the input terminal A of the interdigitated 
interdigital surface acoustic wave filter 810. 



The interdigitated interdigital surface acoustic wave 
filter 810 is identical to the interdigitated interdigital sur- 
face acoustic wave filter 71 0 shown in FIG. 1 4. The one- 
port surface acoustic wave resonators 71a, 71b, 72c, 

s 72e are identical to the one-port surface acoustic wave 
resonator 6(7) shown in FIG. 4. 

The impedance of the one-port surface acoustic 
wave resonators 71a, 71b, 72c, 72e is lower in the vi- 
cinity of the resonant frequencies thereof, and higher in 

10 the vicinity of the antiresonant frequencies thereof, as 
shown in FIG. 5. 

The antiresonant frequencies of the one-port sur- 
face acoustic wave resonators 71a, 71b are selected to 
be in the stop band close to and higher than the pass- 
es band of the interdigitated interdigital surface acoustic 
wave filter 810, and the resonant frequencies thereof 
are selected to be in the passband of the interdigitated 
interdigital surface acoustic wave filter 810. The reso- 
nant frequencies of the one-port surface acoustic wave 

20 resonators 72c, 72e are selected to be in the stop band 
close to and lower than the passband of the interdigitat- 
ed interdigital surface acoustic wave filter 810, and the 
antiresonant frequencies thereof are selected to be in 
the passband of the interdigitated interdigital surface 

25 acoustic wave filter 81 0. 

With such resonant and antiresonant frequency set- 
tings, since the impedance of the one-port surface 
acoustic wave resonators 71 a, 71 b is high at the antires- 
onant frequencies thereof, there is obtained a stop band 

30 in the vicinity of the antiresonant frequencies thereof, 
providing sharp attenuation characteristics in a range 
higher than the passband of the interdigitated interdigital 
surface acoustic wave filter 810. Because the imped- 
ance of the one-port surface acoustic wave resonators 

35 71 a, 71 b is low at the resonant frequencies thereof, the 
insertion loss is not increased in the passband of the 
interdigitated interdigital surface acoustic wave filter 
810. 

Since the impedance of the one-port surface acous- 

40 tic wave resonators 72c, 72e is low at the resonant fre- 
quencies thereof, there is obtained a stop band in the 
vicinity of the resonant frequencies thereof, providing 
sharp attenuation characteristics in a range lower than 
the passband of the interdigitated interdigital surface 

45 acoustic wave filter 810. Because the impedance of the 
one-port surface acoustic wave resonators 72c, 72e is 
high at the antiresonant frequencies thereof, the inser- 
tion loss is not increased in the passband of the inter- 
digitated interdigital surface acoustic wave filter 810. 

50 |f the one-port surface acoustic wave resonators 
71a, 71b have the same antiresonant frequency, if the 
one-port surface acoustic wave resonators 71a, 71b 
have slightly different antiresonant frequencies, if the 
one-port surface acoustic wave resonators 72c, 72e 

55 have the same resonant frequency, or if the one-port 
surface acoustic wave resonators 72c, 72e have slightly 
different resonant frequencies, the composite surface 
acoustic wave filter 801 operates in the same manner 
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as with the seventh embodiment described above. 

Therefore, the attenuation characteristics which are 
impaired by the withdrawal weighting of the transducers 
of the interdigitated interdigital surface acoustic wave 
filter 810 are improved. 

In the seventh and eighth embodiments, the one- 
port surface acoustic wave resonators 71 a ~ 71 d, 72a ~ 
72e are arranged as shown in FIG. 4. However, as 
shown in FIG. 1 2, each of the one-port surface acoustic 
wave resonators 71a ~ 71 d, 72a ~ 72e may be com- 
posed of the transducer 81 and the pair of reflectors 82, 
83 disposed one on each side of the transducer 81 . 

9th Embodiment: 

FIG. 17 illustrates a composite surface acoustic 
wave filter according to a ninth embodiment of the 
present invention. 

As shown in FIG. 17, the composite surface acous- 
tic wave filter, generally designated by the reference nu- 
meral 901 , comprises a two-port surface acoustic wave 
resonator filter 940 composed of an input transducer 
941 , two output transducers 942a, 942b disposed one 
on each side of the input transducer 941 and electrically 
connected parallel to the input transducer 941 , and two 
reflectors 943a, 943b disposed outside of the respective 
output transducers 942a, 942b remotely from the input 
transducer 941 , a one-port surface acoustic wave res- 
onator 71a electrically connected in series to the two- 
port surface acoustic wave filter 940 at an input terminal 
C thereof, a one-port surface acoustic wave resonator 
72a electrically connected parallel to the two-port sur- 
face acoustic wave filter 940 at the input terminal C 
thereof, a one-port surface acoustic wave resonator 71b 
electrically connected in series to the two-port surface 
acoustic wave filter 940 at an output terminal D thereof, 
and a one-port surface acoustic wave resonator 72b 
electrically connected parallel to the two-port surface 
acoustic wave filter 940 at the output terminal D thereof. 
The two-port surface acoustic wave filter 940 and the 
one-port surface acoustic wave resonators 71a, 71b, 
72a, 72b are formed on a substrate 1 3. The two-port 
surface acoustic wave filter 940 has insertion loss vs. 
frequency characteristics which are the same as the in- 
terdigitated interdigital surface acoustic wave filter 10. 

The insertion loss vs. frequency characteristics of 
the composite surface acoustic wave filter 901 are im- 
proved by bringing the antiresonant frequencies of the 
one-port surface acoustic wave resonators 71 a, 71 b into 
the stop band close to and higher than the passband of 
the two-port surface acoustic wave filter 940, and also 
by bringing the resonant frequencies of the one-port sur- 
face acoustic wave resonators 72a, 72b into the stop 
band close to and lower than the passband of the two- 
port surface acoustic wave filter 940. 

In the seventh through ninth embodiments, the res- 
onant frequencies of the one-port surface acoustic wave 
resonators 72a ~ 72e are selected to be in the stop 



bands close to and lower than the passbands of the in- 
terdigitated interdigital surface acoustic wave filters 71 0, 
810 and the two-port surface acoustic wave filter 940. 
However, the resonant frequencies of the one-port sur- 
s face acoustic wave resonators 72a ~ 72e may be select- 
ed to be in a frequency band where a side lobe exists, 
lower than the passbands of the interdigitated interdig- 
ital surface acoustic wave filters 710, 810 and the two- 
port surface acoustic wave resonator filter 940, for 
thereby suppressing the side lobe in the frequency 
range lower than the passband. 

Similarly, in the seventh through ninth embodi- 
ments, the antiresonant frequencies of the one-port sur- 
face acoustic wave resonators 71a ~ 71 d are selected 
to be in the stop bands close to and higher than the pass- 
bands of the interdigitated interdigital surface acoustic 
wave filters 710, 810 and the two-port surface acoustic 
wave filter 940. However, the antiresonant frequencies 
of the one-port surface acoustic wave resonators 71a ~ 
71 d may be selected to be in a frequency band where 
a side lobe exists, higher than the passbands of the in- 
terdigitated interdigital surface acoustic wave filters 71 0, 
810 and the two-port surface acoustic wave resonator 
filter 940, for thereby suppressing the side lobe in the 
frequency range higher than the passband. 

10th Embodiment: 

An application of a composite surface acoustic 
wave filter according to the present invention will be de- 
scribed below. 

FIG. 18 shows a portion of a mobile communication 
system which incorporates a composite surface acous- 
tic wave filter according to the present invention. 

The mobile communication system includes a dou- 
ble-conversion receiver. In the receiver, an output signal 
from an antenna 1090 is limited to a certain frequency 
band by a bandpass filter 1091 of an antenna sharing 
unit 1110, and then amplified by an RF amplifier 1092. 
The amplified signal is supplied to a bandpass filter 1 093 
for noise suppression, after which the signal is mixed 
with a signal having a first local frequency by a mixer 
1096 for conversion into a first intermediate frequency 
signal. The first local frequency signal is supplied from 
a frequency synthesizer 1 094 through a bandpass filter 
1 095. The first intermediate frequency signal is supplied 
to a bandpass filter 1097 which suppresses noise con- 
tained in the signal. Then, the first intermediate frequen- 
cy signal is supplied to and amplified by a first interme- 
diate frequency amplifier 1 098. The amplified first inter- 
mediate frequency signal is then mixed with a signal 
having a second local frequency from the frequency 
synthesizer 1094 by a mixer 1099 for conversion into a 
second intermediate frequency signal. The second in- 
termediate frequency signal is supplied to a bandpass 
filter 1100 which suppresses noise contained in the sig- 
nal. Then, the second intermediate frequency signal is 
supplied to and amplified by a second intermediate fre- 
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quency amplifier 1101. The amplified first intermediate 
frequency signal is demodulated by a demodulator 1 1 02 
into a demodulated signal, which is sent to a following 
circuit stage. 

The mobile communication system also has a trans- 
mitter in which a carrier from the frequency synthesizer 
1094 is modulated with an audio signal by a modulator 
1103. The modulated signal from the modulator 1103 is 
then amplified by an amplifier 1104, which supplies the 
amplified signal to a mixer 1105. The mixer 1105 con- 
verts the supplied signal into an excitation signal with a 
local transmission frequency signal from the frequency 
synthesizer 1094. The excitation signal is amplified by 
an amplifier 1 1 06 and limited to a certain frequency band 
by a bandpass filter 1107. The signal is then amplified 
by a power amplifier 1 1 08, and transmitted from the an- 
tenna 1 090 through a bandpass filter 1 1 09 of the anten- 
na sharing unit 1101 . 

The mobile communication system has transmis- 
sion and reception signal frequency ranges that are 
close to each other. Therefore, the bandpass filters are 
required to have sharp cutoff characteristics and be 
small in size. Each of the bandpass filters 1 091 , 1 1 09 in 
the antenna sharing unit 1110, the interstage bandpass 
filters 1 093, 1 1 07, and the bandpass filter 1 095 for sup- 
plying the first local frequency signal therethrough from 
the frequency synthesizer 1094 to the mixer 1096 is 
composed of any of the composite surface acoustic 
wave filters 401 through 901 according to the fourth 
through ninth embodiments of the present invention. 
The bandpass filters 1091, 1109, 1093, 1107, 1095 thus 
constructed meet the requirements for sharp cutoff 
characteristics and small size. 

Although certain preferred embodiments of the 
present invention has been shown and described in de- 
tail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 

Claims 

1. A composite surface acoustic wave filter compris- 
ing: 

a surface acoustic wave filter having input and 
output terminals; and 

at least one surface acoustic wave resonator 
electrically connected in series to at least one 
of the input and output terminals of said surface 
acoustic wave filter. 

2. A composite surface acoustic wave filter according 
to claim 1 , wherein said surface acoustic wave res- 
onator has an antiresonant frequency in a stop band 
which is close to and higher than a passband of said 
surface acoustic wave filter. 



3. A composite surface acoustic wave filter according 
to claim 1 , wherein said surface acoustic wave filter 
comprises an interdigitated interdigital surface 
acoustic wave filter comprising a plurality of input 
5 transducers electrically connected in parallel to 
each other, and a plurality of output transducers dis- 
posed between said input transducers and electri- 
cally connected in parallel to each other. 

10 4. A composite surface acoustic wave filter according 
to claim 1 , wherein said surface acoustic wave filter 
comprises a two-port surface acoustic wave reso- 
nator filter. 

15 5. A composite surface acoustic wave filter according 
to claim 1 , wherein said surface acoustic wave res- 
onator comprises a one-port surface acoustic wave 
resonator. 

20 6. A composite surface acoustic wave filter according 
to claim 1 , further comprising a substrate, said sur- 
face acoustic wave filter and said surface acoustic 
wave resonator being mounted on said substrate. 

25 7. a composite surface acoustic wave filter compris- 
ing: 

a surface acoustic wave filter having input and 
output terminals; and 
30 at least one surface acoustic wave resonator 

electrically connected parallel to at least one of 
the input and output terminals of said surface 
acoustic wave filter. 

35 8. A composite surface acoustic wave filter according 
to claim 7, wherein said surface acoustic wave res- 
onator has a resonant frequency in a stop band 
which is close to and lower than a passband of said 
surface acoustic wave filter. 

40 

9. A composite surface acoustic wave filter according 
to claim 7, wherein said surface acoustic wave filter 
comprises an interdigitated interdigital surface 
acoustic wave filter comprising a plurality of input 
45 transducers electrically connected parallel to each 
other, and a plurality of output transducers disposed 
between said input transducers and electrically 
connected parallel to each other. 

50 10. A composite surface acoustic wave filter according 
to claim 7, wherein said surface acoustic wave filter 
comprises a two-port surface acoustic wave reso- 
nator filter. 

55 11. A composite surface acoustic wave filter according 
to claim 7, wherein said surface acoustic wave res- 
onator comprises a one-port surface acoustic wave 
resonator. 
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12. A composite surface acoustic wave filter according 
to claim 7, further comprising a substrate, said sur- 
face acoustic wave filter and said surface acoustic 
wave resonator being mounted on said substrate. 

13. A composite surface acoustic wave filter compris- 
ing: 

a surface acoustic wave filter having input and 
output terminals; 

at least one first surface acoustic wave resona- 
tor electrically connected parallel to at least one 
of the input and output terminals of said surface 
acoustic wave filter; and 



resonator has a resonant frequency in a stop band 
which is close to and lower than a passband of said 
surface acoustic wave filter, and said second sur- 
face acoustic wave resonator has an antiresonant 
frequency in a stop band which is close to and high- 
er than the passband of said surface acoustic wave 
filter. 

15. A composite surface acoustic wave filter according 
to claim 13, wherein said surface acoustic wave fil- 
ter comprises an interdigitated interdigital surface 
acoustic wave filter comprising a plurality of input 
transducers electrically connected parallel to each 
other, and a plurality of output transducers disposed 
between said input transducers and electrically 
connected parallel to each other. 

16. A composite surface acoustic wave filter according 
to claim 13, wherein said surface acoustic wave fil- 
ter comprises a two-port surface acoustic wave res- 
onator filter. 

17. A composite surface acoustic wave filter according 
to claim 13, wherein each of said first and second 
surface acoustic wave resonators comprises a one- 
port surface acoustic wave resonator. 

18. A composite surface acoustic wave filter according 
to claim 1 3, further comprising a substrate, said sur- 
face acoustic wave filter and said first and second 
surface acoustic wave resonators being mounted 
on said substrate. 

19. A mobile communication system including filters in 
an antenna sharing unit and interstage filters, each 
of said filters and said interstage filters comprising 
any one of the composite acoustic surface wave fil- 
ters according to claims 7 through 18. 



Patentanspruche 

1 . Zusammengesetztes akustisches Oberflachenwel- 
lenfilter, umfassend: 

5 

ein akustische Oberflachenwellenfilter mit ei- 
nem Eingangs- und einem AusgangsanschluB; 
und 

mindestens einen akustischen Oberflachen- 
10 wellenresonator, der elektrisch in Reihe an zu- 

mindest einen von dem Eingangs- und dem 
AusgangsanschluB des akustischen Oberfla- 
chenwellenfilters angeschlossen ist. 

2. Zusammengesetztes akustisches Oberflachenwel- 
lenfilter nach Anspruch 1, bei dem der akustische 
Oberflachenwellenresonator eine Antiresonanzfre- 
quenz in einem Sperrbereich aufweist, welches na- 
he bei und hoher liegt als ein DurchlaBband des 
akustischen Oberflachenwellenfilters. 

3. Zusammengesetztes akustisches Oberflachenwel- 
lenfilter nach Anspruch 1, bei dem das akustische 
Oberflachenwellenfilter ein akustisches Doppel- 

25 kamm-lnterdigital-Oberflachenwellenfilter mit einer 
Mehrzahl von Eingangswandlern, die elektrisch zu- 
einander parallelgeschaltet sind, und mehreren 
Ausgangswandlern, die zwischen den Eingangs- 
wandlern liegen und elektrisch untereinander par- 
se* allelgeschaltet sind, aufweist. 

4. Zusammengesetztes akustisches Oberflachenwel- 
lenfilter nach Anspruch 1, bei dem das akustische 
Oberflachenwellenfilter ein akustisches Oberfla- 

35 chen-Resonanzfilter mit zwei Anschlussen auf- 
weist. 

5. Zusammengesetztes akustisches Oberflachenwel- 
lenfilter nach Anspruch 1, bei dem der akustische 

40 Oberflachenwellenresonator einen akustischen 
Oberflachenwellenresonator mit einem AnschluB 
aufweist. 

6. Zusammengesetztes akustisches Oberflachenwel- 
45 lenfilter nach Anspruch 1 , umfassend ein Substrat, 

wobei das akustische Oberflachenwellenfilter und 
der akustische Oberflachenwellenresonator auf 
dem Substrat ausgebildet sind. 

50 7. Zusammengesetztes akustisches Oberflachenwel- 
lenfilter, umfassend: 

ein akustisches Oberflachenwellenfilter mit ei- 
nem EingangsanschluB und einem Ausgangs- 
55 anschluB; und 

mindestens einen akustischen Oberflachen- 
wellenresonator, der elektrisch parallelge- 
schaltet ist zu mindestens einem der Anschlus- 



at least one second surface acoustic wave res- is 
onator electrically connected in series to said 
surface acoustic wave filter. 

14. A composite surface acoustic wave filter according 
to claim 1 3, wherein said first surface acoustic wave 20 
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se von dem EingangsanschluB und dem Aus- 
gangsanschluB des akustischen Oberflachen- 
wellenfilters. 

8. Zusammengesetztes akustisches Oberflachenwel- s 
lenfilter nach Anspruch 7, bei dem der akustische 
Oberflachenwellenresonator eine Resonanzfre- 
quenz in einem Sperrbereich aufweist, welches na- 

he bei oder niedriger liegt als ein DurchlaBband des 
akustischen Oberflachenwellenfilters. to 

9. Zusammengesetztes akustisches Oberflachenwel- 
lenfilter nach Anspruch 7, bei dem das akustische 
Oberflachenwellenfilter ein akustisches Doppel- 
kamm-lnterdigital-Oberflachenwellenfilter mit meh- is 
reren Eingangswandlern, die elektrisch zueinander 
parallelgeschaltet sind, und mehreren Ausgangs- 
wandlern, die zwischen den Eingangswandlern an- 
geordnet und elektrisch zueinander parallelge- 
schaltet sind, aufweist. 20 

10. Zusammengesetztes akustisches Oberflachenwel- 
lenfilter nach Anspruch 7, bei dem das akustische 
Oberflachenwellenfilter ein akustisches Oberfla- 
chenwellen-Resonatorfilter mit zwei Anschlussen 25 
aufweist. 

11. Zusammengesetztes akustisches Oberflachenwel- 
lenfilter nach Anspruch 7, bei dem der akustische 
Oberflachenwellenresonator einen akustischen 30 
Oberflachenwellenresonator mit einem AnschluB 
aufweist. 

12. Zusammengesetztes akustisches Oberflachenwel- 
lenfilter nach Anspruch 7, weiterhin umfassend ein 35 
Substrat, wobei das akustische Oberflachenwellen- 
filter und der akustische Oberflachenwellenresona- 
tor auf dem Substrat ausgebildet sind. 

13. Zusammengesetztes akustisches Oberflachenwel- 40 
lenfilter, umfassend: 

ein akustisches Oberflachenwellenfilter mit 
Eingangs- und Ausgangsanschlussen; 
mindestens einen ersten akustischen Oberfla- 45 
chenwellenresonator, der elektrisch parallel zu 
mindestens einem AnschluB von den Ein- 
gangs- und Ausgangsanschlussen des akusti- 
schen Oberflachenwellenfilters geschaltet ist; 
und so 
mindestens einen zweiten akustischen Ober- 
flachenwellenresonator, der elektrisch in Reihe 
zu dem akustischen Oberflachenwellenfilter 
geschaltet ist. 

55 

14. Zusammengesetztes akustisches Oberflachenwel- 
lenfilter nach Anspruch 13, bei dem der erste aku- 
stische Oberflachenwellenresonator eine Reso- 



nanzfrequenz in einem Sperrbereich aufweist, wel- 
ches nahe bei oder niedriger liegt als ein 
DurchlaBband des akustischen Oberflachenwellen- 
filters, und der zweite akustische Oberflachenwel- 
lenresonator eine Antiresonanzfrequenz in einem 
Sperrbereich aufweist, welches nahe bei oder ho- 
her liegt als das DurchlaBband des akustischen 
Oberflachenwellenfilters. 

15. Zusammengesetztes akustisches Oberflachenwel- 
lenfilter nach Anspruch 1 3, bei dem das akustische 
Oberflachenwellenfilter ein akustisches Doppel- 
kamm-lnterdigital-Oberflachenwellenfilter auf- 
weist, welches eine Mehrzahl von Eingangswand- 
lern, die elektrisch zueinander parallelgeschaltet 
sind, und eine Mehrzahl von Ausgangswandlern, 
die sich zwischen den Eingangswandlern befinden 
und elektrisch zueinander parallelgeschaltet sind, 
aufweist. 

16. Zusammengesetztes akustisches Oberflachenwel- 
lenfilter nach Anspruch 1 3, bei dem das akustische 
Oberflachenwellenfilter ein akustisches Oberfla- 
chenwellen-Resonanzfilter mit zwei Anschlussen 
aufweist. 

17. Zusammengesetztes akustisches Oberflachenwel- 
lenfilter nach Anspruch 13, bei dem sowohl der er- 
ste als auch der zweite akustische Oberflachenwel- 
lenresonator einen akustischen Oberflachenwel- 
lenresonator mit einem AnschluB aufweist. 

18. Zusammengesetztes akustisches Oberflachenwel- 
lenfilter nach Anspruch 1 3, weiterhin umfassend ein 
Substrat, das akustische Oberflachenwellenfilter 
und den ersten und den zweiten akustischen Ober- 
flachenwellenresonator, die auf dem Substrat aus- 
gebildet sind. 

19. Mobiles Kommunikationssystem mit Filtern in einer 
Gemeinschaftsantenneneinheit und Zwischenstu- 
fen-Filtern, wobei jedes der Filter und der Zwi- 
schenstufen-Filter irgendeines der zusammenge- 
setzten akustischen Oberflachenwellenfilter nach 
den Anspruchen 7 bis 19 aufweist. 



Revendications 

1. Filtre a ondes acoustiques de surface composite 
comprenant : 

un filtre a ondes acoustiques de surface com- 
portant des bornes d'entree et de sortie ; et 
au moins un resonateur a ondes acoustiques 
de surface electriquement connecte en serie a 
au moins Tune des bornes d'entree et de sortie 
dudit filtre a ondes acoustiques de surface. 
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2. Filtre a ondes acoustiques de surface composite 
selon la revendication 1 , dans lequel ledit resona- 
teur a ondes acoustiques de surface a une frequen- 
ce d'antiresonance dans une bande d'arret qui est 
proche et superieure a une bande passante dudit s 
filtre a ondes acoustiques de surface. 

3. Filtre a ondes acoustiques de surface composite 
selon la revendication 1 , dans lequel ledit filtre a on- 
des acoustiques de surface comprend un filtre in- to 
terdigital a ondes acoustiques de surface interdigite 

et comprenant une pluralite de transducteurs d'en- 
tree electriquement connectes en parallele les uns 
aux autres et une pluralite de transducteurs de sor- 
tie disposes entre lesdits transducteurs d'entree et is 
electriquement connectes en parallele les uns aux 
autres. 

4. Filtre a ondes acoustiques de surface composite 
selon la revendication 1 , dans lequel ledit filtre a on- 20 
des acoustiques de surface comprend un filtre a re- 
sonateur a ondes acoustiques de surface quadripo- 
le. 

5. Filtre a ondes acoustiques de surface composite 25 
selon la revendication 1 , dans lequel ledit resona- 
teur a ondes acoustiques de surface comprend un 
resonateur a ondes acoustiques de surface dipole. 

6. Filtre a ondes acoustiques de surface composite 30 
selon la revendication 1, comprenant, de plus, un 
substrat, ledit filtre a ondes acoustiques de surface 

et ledit resonateur a ondes acoustiques de surface 
etant montes sur ledit substrat. 

35 

7. Filtre a ondes acoustiques de surface composite 
comprenant : 



8. Filtre a ondes acoustiques de surface composite 
selon la revendication 7, dans lequel ledit resona- 
teur a ondes acoustiques de surface a une frequen- 
ce de resonance dans une bande d'arret qui est pro- 50 
che et inferieure a une bande passante dudit filtre 

a ondes acoustiques de surface. 

9. Filtre a ondes acoustiques de surface composite 
selon la revendication 7, dans lequel ledit filtre a on- 55 
des acoustiques de surface comprend un filtre in- 
terdigital a ondes acoustiques de surface interdigite 

et comprenant une pluralite de transducteurs d'en- 



tree electriquement connectes en parallele les uns 
aux autres et une pluralite de transducteurs de sor- 
tie disposes entre lesdits transducteurs d'entree et 
electriquement connectes en parallele les uns aux 
autres. 

10. Filtre a ondes acoustiques de surface composite 
selon la revendication 7, dans lequel ledit filtre a on- 
des acoustiques de surface comprend un filtre a re- 
sonateur a ondes acoustiques de surface quadripo- 
le. 

11. Filtre a ondes acoustiques de surface composite 
selon la revendication 7, dans lequel ledit resona- 
teur a ondes acoustiques de surface comprend un 
resonateur a ondes acoustiques de surface dipole. 

12. Filtre a ondes acoustiques de surface composite 
selon la revendication 7, comprenant, de plus, un 
substrat, ledit filtre a ondes acoustiques de surface 
et ledit resonateur a ondes acoustiques de surface 
etant montes sur ledit substrat. 

13. Filtre a ondes acoustiques de surface composite 
comprenant : 

un filtre a ondes acoustiques de surface com- 
portant des bornes d'entree et de sortie ; 
au moins un premier resonateur a ondes 
acoustiques de surface electriquement con- 
nects en parallele a au moins I'une des bornes 
d'entree et de sortie dudit filtre a ondes acous- 
tiques de surface ; et 

au moins un second resonateur a ondes acous- 
tiques de surface electriquement connecte en 
serie audit filtre a ondes acoustiques de surfa- 
ce. 

14. Filtre a ondes acoustiques de surface composite 
selon la revendication 13, dans lequel ledit premier 
resonateur a ondes acoustiques de surface a une 
frequence de resonance dans une bande d'arret qui 
est proche et inferieure a une bande passante dudit 
filtre a ondes acoustiques de surface et ledit second 
resonateur a ondes acoustiques de surface a une 
frequence d'antiresonance dans une bande d'arret 
qui est proche et superieure a la bande passante 
dudit filtre a ondes acoustiques de surface. 

15. Filtre a ondes acoustiques de surface composite 
selon la revendication 13, dans lequel ledit filtre a 
ondes acoustiques de surface comprend un filtre in- 
terdigital a ondes acoustiques de surface interdigite 
et comprenant une pluralite de transducteurs d'en- 
tree electriquement connectes en parallele les uns 
aux autres et une pluralite de transducteurs de sor- 
tie disposes entre lesdits transducteurs d'entree et 
electriquement connectes en parallele les uns aux 
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un filtre a ondes acoustiques de surface com- 
portant des bornes d'entree et de sortie; et 40 
au moins un resonateur a ondes acoustiques 
de surface electriquement connecte en paral- 
lele a au moins I'une des bornes d'entree et de 
sortie dudit filtre a ondes acoustiques de surfa- 
ce. 45 
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autres. 

16. Filtre a ondes acoustiques de surface composite 
selon la revendication 13, dans lequel ledit filtre a 
ondes acoustiques de surface comprend un filtre a 5 
resonateur a ondes acoustiques de surface quadri- 
pole. 

17. Filtre a ondes acoustiques de surface composite 
selon la revendication 1 3, dans lequel chacun des- 10 
dits premier et second resonateurs a ondes acous- 
tiques de surface comprend un resonateur a ondes 
acoustiques de surface dipole. 

18. Filtre a ondes acoustiques de surface composite is 
selon la revendication 13, comprenant, de plus, un 
substrat, ledit filtre a ondes acoustiques de surface 

et lesdits premier et second resonateurs a ondes 
acoustiques de surface etant montes sur ledit subs- 
trat. 20 

19. Systeme de communication mobile comprenant 
des filtres dans une unite de partage d'antenne et 
des filtres d'etage intermediaire, chacun desdits fil- 
tres et desdits filtres d'etage intermediaire compre- 25 
nant Tun quelconque des filtres a ondes acousti- 
ques de surface composites selon les revendica- 
tions 7 a 18. 
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FIG.3 
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FIG.5 
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FIG.6 
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FIG.7 
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FIG.10 
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FIG.12 
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FIG.13 
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FIG.15 
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FIG.19 
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FIG. 21 A 
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FIG.23A 
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FIG.27 
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FIG. 28 
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FIG.31 
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FIG.32 
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FIG.3A 
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FIG. 35 
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